Characterizing the Neural Circuits that Motivate Song Practice and Performance
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Birdsong and human speech share similarities in the way they both rely on complex Different subtypes of POA neurons project separately to A11 and VTA, where » We found that the POA projects to A11 and VTA.

Iear_neg:l vocall_zatlons for communication. For birds, thew song pIayS_a crucial role in neurons projecting to VTA facilitate song practice, where those projecting to A1l « Some POA neurons have both Al11 and VTA projections, while the others
social interactions, such as attracting a mate or warding off competitors. Just as facilitate song performance. oroject selectively to A11 or VTA.

humans learn to speak or play musical instruments by imitating mentors and . The majority of POA to A11 neurons are GABAergic; the majority of POA to

practicing extensively, juvenile zebra finches ( 7aeniopygia guttata) learn their songs
from male tutors and practice independently until they perfectly replicate the tutor's
song. Even in socially isolated contexts, male finches engage in undirected singing,
honing their skills until they are ready to perform for a female in directed singing to
seek courtship. The intricate neuronal circuits within specific brain nuclei, such as
HVC, robust nucleus of arcopallium (RA), and song basal ganglia (Area X), govern Ijection a1t
song learning and production in birds. Yet, the underlying motivations driving birds
to learn and produce songs remain unclear. In rodents, the medial preoptic area
(POA) has been found to be vital in activating vocalizations and motivating sexual
behaviors, but the characterization of POA cell types and their connectivity to the
song system in birds has not been fully explored. It is noted that the POA in male
finches is involved in sex-specific behaviors, including mating and territorial
aggression towards other male finches. Across species, the hypothalamus of zebra
finches and mice share evolutionarily conserved cell groups, indicating biological
similarities in the regulation of vocalizations and courtship behaviors. Brain regions
such as the midbrain periaqueductal gray (PAG) and the ventral tegmental area
(VTA) are known to be involved in producing vocalizations, and similarly, songbirds
utilize these same brain regions, suggesting parallel connectivity systems in birds.
Studies in finches have shown that direct lesions to the A11, a dopaminergic cell
group within the PAG, had obstructed exclusively the behavior of directed singing.
Additionally, other studies have shown that with undirected singing, there was an
increase of immediate early gene expression in the POA, suggesting that the POA
directs motivated song practice through the VTA.

VTA neurons are GABAergic.

« A small portion of aromatase-expressing neurons are active during
undirected and directed singing.

« Most of the aromatase-expressing neurons are inhibitory.

Future Directions

 Further characterize the finch POA neuronal subpopulations; examine the cell
type of the active projection neurons after singing.

« Compare the POA cell type between finch and other species, such as mice.

« Understand the effects that various POA cell types have on song performance
and rehearsal.

| = « Check whether the POA activity is required and sufficient for singing.

Figure 1. CTB injection sites into VTA and A1l.  Figure 2. POA region with aromatase and neurotrace. « Uncover the neural pathways that drive the practicing and performance of

| o POA projection neurons songs_

» Determine the POA’s admission point to dopaminergic circuit’s that are crucial
for behavioral motivation and motor learning for social communication.
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